Studies were carried out on the impact of organic amendments on microflora of soils treated with 2,4-dichlorophenoxy-acetic acid, atrazine, atrazine + metolachlor and paraquat herbicides applied at one and half doses of the recommended rates. Poultry manure-0.05%, urea-0.1 M and glucose-0.1 M of herbicide-treated soils resulted in significant (P<0.05) increases in microbial biomass and highest significant increases in microbial counts for all the treatments, with maximum counts of 12.1x10 7 cfu/ml for 2,4-D, 10.2x10 7 cfu/ml for atrazine, 10.4x10 7 cfu/ml for atrazine + metolachlor and paraquat, followed by urea amendment, while glucose gave the lowest increase in microbial population (P<0.05). Bacillus spp. (39.1%), Pseudomonas spp (30.4%), Flavobacterium spp. (8.7%), Actinomycetes (5.8%) and Proteus spp. (4.3%) were isolated from control soils; while Bacillus (42.3%) and Pseudomonas (50.9%) species were most frequently isolated from herbicide treated soils. Introduction of organic amendments therefore, significantly (P<0.05) resulted in increases in microbial biomass with greater probability for pesticide degradation.
INTRODUCTION
It has been estimated that over 500,000 tonnes of active ingredients (ai) of pesticides are applied in the third world countries annually (Brader, 1987) . In such places pesticide use is still growing rapidly and compounds that have long been banned or restricted on health grounds in the developed countries are still used in many third world countries (Repetto and Boliga, 1996) . Moreover, pesticide regulations are weak and local farmers lack the training and equipment to handle pesticides safely.
The cycling of nutrients in soils is largely governed by the soil microbial biomass and it is the supply of energy principally in the form of fixed carbon that drives this function (Wardle, 1992; Witter and Martenssion, 1993) . Biodegradation of organic compounds is often slow because one or more inorganic nutrients needed for microbial growth are in low concentrations in the natural environment (Lewis et al. 1986; Swindoll et al. 1988; Convey and Wetzel, 1992) . The addition of nitrogen and phosphorous may therefore enhance biodegradation of organic compounds (Pritchard and Coasta, 1991) but it can also have no effect or decrease the rate of biodegradation (Swindoll, 1988) .
Heterotrophic microbial activity appears to be severely limited in most soils by a lack of easily available carbon substrate. The addition of sugars leads to a marked increase in soil microbial activity, which under aerobic conditions can be most readily observed as an increase in soil respiratory activity (Falih and Wainwright, 1996) .
The activity of the microbial biomass is commonly used to characterize the microbiological status of a soil (Nannipieri et al., 1990) and to determine the effects of cultivation (Anderson and Domsch, 1993) or contamination (Chander and Brookes, 1993) on soil microorganisms. Total organic carbon and pH have important effects on the microbial biomass level (Gehlen and Schroder, 1989) . Also, the structure and distribution of carbon in soil affect biological activity (Vaughan and Malcolm, 1985) . Soil organic residues from plants, dead organisms and fertilizers are decomposed by microorganisms and transformed to humic compounds. The easily available organic compounds (proteins, polysaccharides etc) are preferred as energy sources by microorganisms (Burns and Martin, 1986) . In contrast, the positive effects of farmyard manures or cow dung in increasing nutrient supply, pH, organic carbon and cation exchange capacity of savanna soils has been reported (Heathcote, 1970) .
Manure-based fertilization or organic farming systems necessarily involves the addition of large quantities of carbon in addition to the nutrient elements with which the crops are being fertilized. Carbon additions of virtually any form to arable soils often stimulate microbial biomass size (Fauci and Dick 1994; Joegensen et al., 1995) and activity (Jackson and Elliot, 1986; Doran et al., 1987) .
The application of organic manure (e.g. farmyard manure) usually increases the soil microbial biomass (Sakamoto and Oba, 1991) . Introduction of organic amendments to soils have been reported to significantly enhance global farming systems (Smaling and Dixon, 2006) . Farmyard manure is commonly used as organic manure in the tropics (Ghosal and Singh, 1995) . It is a composted mixture of cattle dung, the bedding used in the stable, and the remnants of straw and plant stalks fed to cattle.
This study was carried out to show the impact of organic amendments on the microbial biomass of a soil treated with herbicides in a tropical ecosystem and to determine the effect of applied herbicides on bacterial species in treated soil.
MATERIALS AND METHODS Soil sample treatment with test herbicides
Top soil sample (0-20 cm deep) was collected from a maize farm in Ibadan, Nigeria. The soil sample was sieved through a 2.00 mm width mesh to remove stones and plant debris. One kilogramme soil sample was treated with one and half times (x 1.5ai) of recommended doses of each herbicide studied. Generally, the use of x1.5 recommended herbicide rates was taken to correspond approximately with the local peasant farmer's practice (Mathews, 1992) .
Four herbicides were used and these included 2,4-D, atrazine (At), atrazine + metolachlor (AtM) and paraquat (Pq). One kilogramme of the soil samples were first separately treated with x1.5 doses (ai) of each of the herbicides, while another set treated with distilled water served as control.
Application of soil amendments to herbicide-treated soil samples
The following organic soil amendments (in 100 ml solutions) were applied to the herbicide treated soils: glucose (0.1 M/kg), urea (0.1 M/kg) and poultry manure (0.05%/kg). The treatments were replicated, kept in plastic bowls in the laboratory. The experimental design and sampling method were completely randomized. Soil samples were taken for analysis on a weekly basis for eight weeks.
Effect of treatment on bacterial flora of the soil samples
Plate count agar (oxiod) was used to carry out the analysis of aerobic and facultatively anaerobic bacteria. The usual pour plate method was used. Bacteria isolation and characterization steps included; Gram's staining, endospore staining, oxidase test, catalase test, citrate utilization test, MR-VP test and sugar fermentation test.
Statistical analysis
Data generated were subjected to analysis of variance (ANOVA), while Duncan's Multiple Range Test and Least Significance Difference (LSD) at P<0.05 were used for statistical test of significance.
RESULTS AND DISCUSSION
The effect of herbicide treatments and organic amendments on mean viable bacterial counts are presented in figures 1, 2, 3 and 4. Soil samples treated with 2, 4-D (no amendments) resulted in initial increase in bacterial counts attaining a maximum by 3 rd and 4 th week (4.5 x10 7 cfu/ml). This initial rise was followed by a general decline in the subsequent weeks. Soil amendment with manure resulted in the highest impact on bacterial counts (12.1 x 10 7 cfu/ml at week 3); followed by urea amended soil (9.6 x 10 7 cfu/ml at week 3) and glucose amended soil (8.6 x 10 7 cfu/ml at week 3). In atrazine-treated soils (no amendments) maximum bacterial counts were observed at weeks 4 and 5 (4.5 x 10 7 cfu/ml). Highest significant increase in bacterial counts (10.2 x10 7 cfu/ml) was obtained in manure amended soil (P<0.05) followed by urea amended soils (9.2 x10 7 cfu/ml at week 4) and glucose amended soils (8.2 x10 7 cfu/ml at week 4). A similar pattern of bacterial counts was observed in atrazine + metolachlortreated soils. Maximum bacterial counts were recorded at week 3 (10.4 x 10 7 cfu/ml) in manure amended treatment.
A slightly different bacterial growth pattern was observed in soil treated with paraquat. Soil amendment with urea significantly increased bacterial counts (10.4 x10 7 cfu/ml at week 4), followed by manuretreated soils (9.8 x10 7 cfu/ml at week 4) and glucose-treated soils (7.8 x10 7 cfu/ml at week 4).
An initial general rise in microbial counts reaching a maximum at weeks 3 and 4 was observed. It has been shown that there is a general increase in bacterial and actinomycetes counts attaining a peak at 3 weeks after herbicide treatment of soil (Taiwo and Oso, 1997; Ayansina and Oso, 2006) . The initial rise in microbial counts could be due to the fact that the soil microflora was able to temporarily mineralize and use the herbicides as energy sources (Kunc et al., 1985) .
Results obtained from this study has shown that introduction of organic amendments to herbicide-treated soils would increase the soil microbial status. An increase in microbial counts is indicative of high probability of herbicide degradation (Moorman et al., 2001) . The application of organic amendments resulted in the stimulation of herbicide degradation by enrichment of selected herbicide-degrading microorganisms or a modification of both rates and pathways of herbicide degradation (Houot et al., 1998) . It is well established that application of organic resources enhances crop production at the same time serving as sources of nutrients for microorganisms (Hu et al., 2006; Vanlauwe and Giller, 2006) . Results from this study corroborated Autoun et al. (2003) that application of liquid pig manure significantly enhanced the rate of atrazine mineralization in a maize-cultivated soil.
Increases in microbial counts in manure-treated soils could be attributed to two reasons; firstly, the organic manure carries some microorganisms that can add to the microbial load of the samples and secondly, the manure itself is a rich source of organic matter that supports the growth of microorganisms (Ritz et al., 1997) . Therefore, soil with high organic matter tends to adsorb pesticides (Akobundu, 1987) . Binding of herbicides to organic matter in soils also reduces the amount of materials available to interact with the biomass and as the amount of available material decreases so does its relative toxicity (Bollag, 1990) . Table 1 shows the major bacterial isolates from the control soil and the frequency of their occurrence. A total of 138 bacterial isolates were obtained and identified. Table 2 shows the major bacterial isolates from herbicide-treated soils and the frequency of occurrence. Bacillus spp. and Pseudomonas spp. were the most frequently encountered bacteria. It was observed that Proteus spp. and Flavobacterium spp, were eliminated from all the herbicide-treated soils, while Actinomycetes was only isolated from the paraquat-treated soils. Pseudomonas spp. has been widely reported in pesticide-treated soil (Behki and Khan 1986; Boyle 1989; Taiwo and Oso, 1997; Mueller et al., 1998; Ayansina and Oso, 2006) . The occurrence of Bacillus spp in pesticide-treated soil has also been reported (Bollag, 1990; Bollag and Liu, 1991 Taiwo and Oso, 1997) . While some other bacterial species were eliminated as a result of pesticide treatments, those that survived were able to do so as result of acclimatization of the microbial population with enhanced ability to transform applied pesticides (Spain and van Veld, 1983; Bollag, 1990) . 
